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Abstract. 1 

 2 

Background and objectives: 3 

 4 

Neuraxial blockade using a midline approach can be challenging.  Part of this challenge lies in 5 

finding the optimal approach of the needle to its target. The present study aimed at finding (1) 6 

the optimal point of insertion of the needle between the tips of two adjacent spinous processes 7 

and (2) the optimal angle relative to the skin at which the needle should approach the epidural or 8 

subarachnoid space.   9 

 10 

Methods:   11 

 12 

A computer algorithm systematically analyzed computed tomography scans of vertebral 13 

columns of a cohort of 52 patients. On midsagittal sections, the possible points of insertion of a 14 

virtual needle and the corresponding angles through which the epidural or subarachnoid space 15 

can be reached were calculated. 16 

 17 

Results: 18 

 19 

The point chosen to introduce the needle between two adjacent spinous processes determines the 20 

range of angles through which the epidural or subarachnoid space can be reached. At the 21 

thoracic interspaces 1-2 through 3-4, thoracic interspaces 5-6 through 9-10  and at the lumbar 22 

vertebral interspaces 2-3 through 4-5, the optimal point of insertion is slightly inferior to the 23 

point halfway between the tips of the spinous processes. For thoracic interspace 4-5, the optimal 24 

point of insertion is slightly superior to the point halfway between the tips of the spinous 25 
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processes. For the other interspaces, the optimal point of insertion is approximately halfway 1 

between the tips of the spinous processes. The optimal angle to direct the needle varies from 9 2 

degrees at the thoracolumbar junction and at the lumbar interspaces 3-4 and 4-5, to 53 degrees 3 

at the thoracic interspace 7-8. 4 

 5 

Conclusions: 6 

 7 

Our study has resulted in practical suggestions - based on accurate, reproducible measurements 8 

in patients - as to where to insert the needle and how to angulate the needle when performing 9 

neuraxial anesthesia using a midline approach.  10 

11 
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Introduction. 1 

 2 

Neuraxial blockade using a midline approach can be challenging.  The number of attempts 3 

should be kept as low as possible to reduce the chance of complications1,2 and to optimize the 4 

comfort of each patient.  According to the literature, several factors may determine the difficulty 5 

(eg defined as the number of attempts) of the intended puncture.  Some factors are patient 6 

related and beyond the influence of the clinician performing the procedure, including the age of 7 

the patient and  age-related degenerative changes,3,4 body mass index,3 deformities of the 8 

spine,5,6  the ability of the patient to flex his/her hips6 and the palpability of bony landmarks.5,6   9 

Other factors, however, can actually be influenced, such as the equipment used, the experience 10 

of the clinician,1,7 the positioning of the patient as chosen by the clinician,3 and the point of 11 

insertion of the needle.  To the best of our knowledge, surprisingly few data exist on where 12 

between the tips of the spinous processes the needle should be introduced and what the optimal 13 

angle is to approach the subarachnoid or epidural space without bone contact.  Data on this 14 

subject would be very useful because choosing a point of insertion and angle is an unavoidable 15 

step of this clinical procedure. For simplicity, in the subsequent text we mean both the 16 

subarachnoid  and the epidural space (ES), where only the ES is mentioned.   17 

Previously, we demonstrated in a geometrical model that the point of insertion determines the 18 

range of angles at which the ES can be reached.8   Clinical data on this issue, however, are 19 

difficult to find, and the scarce literature we found is not univocal.   20 

 21 

For lumbar spinal anesthesia, it is suggested that the needle should be inserted either halfway 22 

between the posterior spines 9, or closer to the superior spinous process 10, or closer to the 23 

inferior spinous process.11 We did not find research addressing the optimal insertion point for 24 

thoracic epidural anesthesia. 25 
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Regarding the optimal angle to approach the ES, Pitkänen12 suggests directing the needle at 1 

10degrees when performing lumbar spinal anesthesia. For thoracic epidural anesthesia, we did 2 

not find  guidance regarding the best angle is to direct the needle. None of the afore mentioned 3 

suggestions on how to perform neuraxial anesthesia using a midline approach are substantiated 4 

by clinical research. 5 

In order to establish a scientific rationale for choosing the optimal insertion point and insertion 6 

angle during the actual clinical procedure, we studied the distribution of the optimal insertion 7 

points and angles in real patients.  We performed measurements in computed tomography-scans 8 

of 52 patients at all different levels of the spine using a computer algorithm. 9 

10 
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Methods. 1 

 2 

 3 

Selection of CT scans. 4 

The local ethical committee of the hospital (Canisius Wilhelmina Ziekenhuis, Nijmegen, The 5 

Netherlands, investigation number 202-2013) gave consent to anonymously analyze CT scan 6 

images for previously mentioned purposes. Only the sex and age of the patients were registered 7 

(Table 1). 8 

One of the radiologists at our hospital (Dr. L. Duijm) provided 52 CT-scans of a cohort of 52 9 

adult patients.  The CT scans of either the thorax, or the abdomen, or both were obtained for 10 

various diagnostic purposes. No further selection criteria were applied.  11 

One of the authors (MH) visually judged each CT-scan to assess whether analysis would be 12 

feasible.  A CT-scan was considered analyzable if a midsagittal cross-section provided a 13 

complete, intact image of 2 adjacent spinous processes and the space between these processes, at 14 

1 or more levels of the spine. For all 52 subjects, at each analyzable level, we determined the 15 

optimal insertion point, and the optimal angle of insertion, as described in the following 16 

sections.  17 

 18 

Analysis of CT-scans. 19 

Determination of the levels of the vertebral interspaces.  20 

The level of a vertebral interspace was determined by verifying the location of the first rib 21 

attached to the body of a vertebra in the CT scan. This vertebra represents Th1, the first thoracic 22 

vertebral body. The levels of all other vertebral bodies (and thus the levels of the vertebral 23 

interspaces) were determined by referring to Th1. In cases where the first rib and the 24 

corresponding vertebra were not depicted, the sacrum was used as a reference. 25 

 26 

 27 
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Numerical analysis of interspace geometry. 1 

A program was written in MATLAB R2015a (The Mathworks, Inc., Natick, Massachusetts) to 2 

analyze the CT scans numerically, in an objective and reproducible manner. A detailed 3 

explanation of the analysis method is available on request by email. 4 

The CT scans were stored as JPG files. To prepare the CT scan data for analysis, the midsagittal 5 

cross-sections of analyzable interspaces were segmented by manually delineating the boundaries 6 

of the spinous processes (performed by MH), using a custom interface (Fig. 1, a and b).  For 7 

each interspace (Fig. 2a), a tangential reference line is drawn that connects the most dorsal 8 

points of the 2 adjacent spinous processes that form a spinal interspace (Fig. 2b). We assume 9 

that this tangent line is approximately parallel to the skin surface at this particular interspace. 10 

The tangent line provides a well-defined reference for measuring the insertion points and angles. 11 

To facilitate comparison between levels in 1 single subject and between different subjects, the 12 

segmented spinous processes are rotated, translated, and scaled (Fig. 2c), so that, respectively, 13 

the tangential line runs parallel to the (vertical) y-axis, the lowest point (A) on the tangential line 14 

coincides with the origin of the axes system, and the distance between the extreme points (A and 15 

B) on the tangential line is equal to one dimensionless unit. 16 

We assume that the insertion point is located on the tangential line, that is, somewhere between 17 

the extreme points A and B, such that its value ranges from 0 to 1.  This range is subdivided into 18 

1000 steps, and at each step, the smallest angle and the largest angle are determined at which the 19 

ES can be reached without touching either of the spinous processes.  Together, these two angles 20 

determine the window size,  , for that specific insertion point (Fig. 2d). 21 

In total, 530 interspaces were considered analyzable according to the aforementioned criteria. 22 

After having analyzed these 530 interspaces, we know all the possible combinations of insertion 23 

points and insertion angles that allow access to the ES. We call these the feasible approaches to 24 

the ES (an approach, in this context, is a combination of insertion point and angle). 25 
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We consider an optimal approach to be one that offers the  best chance of successfully reaching 1 

the ES in practice. To estimate the chance of success we need to consider the clinical context. 2 

 3 

 4 

Individual optimum versus generic optimum. 5 

Arguably, the best chance of success would be offered by planning the optimal approach for 6 

each individual interspace with the help of imaging modalities such as CT, fluoroscopy or 7 

ultrasound. If the interspace anatomy allows access to the ES, a perfectly executed individually 8 

planned approach would always end in success, thus yielding a 100% success rate. However, the 9 

actual success rate will be limited by the practitioner's ability to execute the planned approach. 10 

For this reason, the individual optimum is defined here as the approach (insertion point and 11 

angle) that maximizes the allowed margin of error for the practitioner. 12 

On the other hand, if imaging modalities are not used or available (as is often the case), one has 13 

to rely on experience in combination with guidelines, such as those described in the 14 

introduction.9-12 A guideline suggests a generic approach. Because of anatomic variability, a 15 

generic approach cannot yield a 100% success rate, even if perfectly executed, but we can aim 16 

for the best possible success rate. Thus, the generic optimum is defined here as the approach 17 

(insertion point and angle) that maximizes the puncture success rate for a representative sample 18 

of patients. 19 

Both the individual optima and the generic optima are of practical interest. The methods used to 20 

determine these optima for our dataset are described in the following sections. 21 

 22 

Determination of the individual optimum. 23 

Basic geometry tells us that the point of needle insertion directly determines the size of the 24 

insertion window, that is, the range of angles at which the ES can be reached. We assume that 25 
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the larger this window, the larger the allowed margin of error, and the higher the probability of 1 

successfully reaching the ES in 1 attempt. 2 

Based on this premise, we define the optimal insertion point for a particular interspace to be that 3 

point that maximizes the insertion window. Correspondingly, we define the optimal insertion 4 

angle to be the angle in the center of this window, so as to allow an equal margin of error on 5 

both sides, as depicted in Fig. 3a. The corresponding angle α is the angle between this line and a 6 

line perpendicular to the line connecting A and B (dotted line, Fig. 3a). 7 

The individual optima are collected from all subjects in our sample and are summarized as mean 8 

values and their corresponding 95% confidence intervals (CIs) for each separate level of the 9 

spine. 10 

 11 

Determination of the generic optimum. 12 

The generic optimum is that combination of insertion point and angle that would yield the 13 

highest number of successful punctures when applied to all subjects in our sample. We define 14 

the success rate as the number of successful punctures divided by the total number of punctures, 15 

expressed as a percentage. 16 

To determine the generic optimum for a specific vertebral level, we create a map of the success 17 

rate (indicated in color scale) as a function of insertion point (y axis) and insertion angle (x 18 

axis), as depicted in Fig. 5 for interspace L1-L2. To create this map, we divide the x-y plane into 19 

a fine grid, each point on this grid representing a possible approach (insertion point and angle). 20 

For each of these points, our algorithm then performs "virtual" punctures in all available L1-L2 21 

interspaces in the dataset, and counts the number of punctures that successfully reach the ES. 22 

This number is divided by the total number of punctures, to find the success rate. 23 
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This success map allows us to evaluate the theoretical success rate for any combination of 1 

insertion point and insertion angle, and it allows us to easily locate those approaches that 2 

provide the highest success rate (ie) the generic optima. 3 

Success maps are available for all individual levels of the spine, for specific thoracic and lumbar 4 

regions, and for the whole sample. The results of these success maps are numerically 5 

summarized as median and corresponding interval. 6 

7 
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Results. 1 

 2 

Patient population; sex and age. 3 

Computer tomography scans of 52 patients (32 females and 20 males) were analyzed. A 4 

summary of the ages and sex of the patients is shown in Table 1. Of the studied population, 67% 5 

is older than 60 years. 6 

 7 

Individual optima.  8 

Individual optima for all patients and all levels are presented in Fig. 4a, and a summary of these 9 

data is provided in Table 2.  Note that sample sizes vary because the imaged regions of the spine 10 

differed between patients. 11 

Fig. 4a shows that the mean optimal point of insertion is in general close to the center of the 12 

spinous interspace.  However, in the mid-thoracic and the lower-thoracic region (ie, Th5-Th6 13 

through Th9-Th10), as well as in the lumbar region (L1-L2 through L4-L5), the mean optimal 14 

point of insertion is slightly below the center of the spinous interspace.  The variation in these 15 

optimal points of insertion between individual subjects is considerable. 16 

The optimal angle of insertion relative to the aforementioned tangential line is shown in Fig. 4b 17 

and is summarized per level in Table 2.  The mean optimal angle varies from 10degrees at the 18 

interspace L2-L3 to 51degrees at the interspace Th6-Th7.  The variation in these optimal angles 19 

between individual subjects is considerable but is smaller than the variation in the optimal points 20 

of insertion. Note that in some cases the optimal angle is negative. 21 

The window sizes corresponding to the optimal points of insertion are shown in Fig. 4c.  The 22 

window size varies from 5degrees at the thoracic interspace Th5-Th6 and Th6-Th7 to 22degrees 23 

at the thoracic level Th11-Th12 and at the thoracolumbar junction Th12-L1 .  Again, the 24 

variation between individual subjects is considerable.  Note that the window sizes are at their 25 
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smallest when the spinous processes run the steepest, that is from Th5-Th6 through Th8-Th9. 1 

Numerical data of the window sizes are shown in Table 2.  2 

For all analyzed interspaces, we calculated the absolute distance in millimeters over the 3 

tangential line where an insertion window was found, that is where it is possible to insert a 4 

needle and reach the ES.  The range of this distance varied from 8 mm (95% CI 6-10 mm) at 5 

interspaces Th6-Th7, L3-L4 and L4-L5 to 17 mm (95% CI 15-18 mm) at Th11-Th12. 6 

Plots of the interspace anatomy (with optimal insertion points, similar to Fig. 3a) are available 7 

for all interspaces and all subjects as Supplemental Digital Content 1, 8 

http://links.lww.com/AAP/A221. 9 

 10 

Generic optima. 11 

Using the known feasible approaches for all the 530 individual interspaces in our dataset, we 12 

constructed maps of overall theoretical success rates for all individual levels of the spine. An 13 

example is shown for interspace L1-L2 (Fig 5). The diagram shows the result for  all possible 14 

combinations of insertion angles (x-axis, ranging from -40 to 80 degrees) and insertion points (y 15 

axis, ranging from 0 to 1, ie from point A to B, compare Fig. 2). The final result may be 16 

compared with an altitude map. The maximal “altitude” (success rate, indicated in color scale) in 17 

this diagram is 66% (21 out of 32) when combining an  insertion angle of 11degrees (indicated 18 

by the arrowhead on the x axis) with a insertion point of 0.5AB (indicated by the arrowhead on 19 

the y axis). Similar maps were constructed for regions of the spine (high thoracic region, Th3-20 

Th6; low thoracic region, Th7-Th9; lumbar region, L2-L5) and for all accumulated data (Th1-21 

L5). The maps are available as Supplemental Digital Content 2, 22 

http://links.lww.com/AAP/A222. 23 

The distributions of the generic optima derived from these success maps are summarized in 24 

Table 3. The results in this table may be interpreted as a practical guideline, indicating how to 25 
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puncture each separate level of the spine with the highest likelihood of reaching the ES in 1 1 

attempt. For example, at the interspace L3-L4 our data indicate that insertion of the needle at 2 

0.36AB with an angle of 9degrees results in a theoretical success rate of 32%. The maximum 3 

achievable theoretical success rates for our sample range from 23% (7 of 31) at interspace Th5-4 

Th6 to 76% (35 of 46) at interspace Th11-Th12. 5 

6 
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Discussion. 1 

 2 

The anatomical boundaries of 530 spinous interspaces, derived from midsagittal CT sections of 3 

52 patients, were analyzed numerically, in order to find all feasible approaches to the ES in 4 

terms of needle insertion point and insertion angle. Based on all these feasible approaches, we 5 

determined both the optimal individual approach for each available interspace, which maximizes 6 

the allowed margin of error, and the optimal generic approach, which would give the highest 7 

success rate when used as a rule-of-thumb for the whole sample. Success, in our context, was 8 

defined as reaching the ES on the first attempt, without bone contact or needle redirections. 9 

 10 

Our study provides insight into the anatomy of vertebral interspaces and their variability. To the 11 

best of our knowledge, such information was not yet available in the literature. Forthcoming 12 

from this anatomical analysis, our study clearly demonstrates that when using a midline 13 

approach the range of angles at which the ES can be reached is dependent on the point of 14 

insertion between the tips of the spinous processes. Many anesthesiologists perform both lumbar 15 

and thoracic neuraxial blockade by a midline approach.13 According to our measurements, the 16 

available space for insertion to reach  the ES varies on average from 8 to 17 mm. This suggests 17 

that the proper selection of an insertion point for the needle tip is not only an academic exercise, 18 

but also can indeed influence the chance of success. 19 

In a previous study in a geometrical model8, we found that the optimal point of insertion shifts 20 

cranially when the spinous processes run steeper.  We did not find this correlation in the CT 21 

scans of real patients.  The shape of the interspinous spaces was often such that a cranial point of 22 

insertion does not allow an insertion window, in general because of bony spurs on the spinous 23 

processes.  24 

 25 
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The individual optima presented in our study represent the ideal approach for each specific 1 

interspace in our sample. By definition, any of the feasible approaches identified for a specific 2 

interspace will yield a successful puncture in theory, but only the optimal approach maximizes 3 

the allowed margin of error for the practitioner. The methods used here to identify the individual 4 

optimum can be used in practice to plan an individualized approach based on imaging data. In 5 

addition, the individual optima, as presented in this study, give a good overall description of our 6 

dataset. 7 

Especially important to note is the large variability between subjects within each level. This 8 

shows that a single generic approach will never be able to yield successful access to the ES in 9 

100% of patients: not even if the generic approach is tailored to a specific vertebral level (based 10 

on many patients), and not even if the approach is always perfectly executed. 11 

For example, the success-maps, as summarized in Table 3, show that the maximum achievable 12 

success rates when using a generic approach tailored to our sample range from 23% to 76%. 13 

These are theoretical upper limits: the only way to improve upon them is to use individualized 14 

planning or guidance methods. 15 

 16 

The success maps from our study (eg Fig. 5) can be used to evaluate suggested approaches from 17 

the literature, simply by looking up the success rate corresponding to the suggested insertion 18 

point and/or angle. Most suggestions in the cited literature on how to perform lumbar neuraxial 19 

anesthesia when using a midline approach were not corroborated by our research, except the 20 

angle of 10degrees as suggested by Pitkänen.12 The optimal puncture site for lumbar neuraxial 21 

blockade was found to be slightly inferior to the point halfway between the tips of the spinal 22 

processes and not – as suggested in the literature - closer to the superior spinous process10, or 23 

halfway between the spinous processes9 (except at level L1-L2) or closer to the inferior spinous 24 

process.11 25 
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 1 

We studied a patient cohort without further selection criteria. Patients of older age are more 2 

represented in our sample. This might have biased our data. 3 

We did not take the role of the positioning of the patient into account.  The CT scans were made 4 

for diagnostic purposes and not for the described research.  In clinical practice for spinal and 5 

epidural anesthesia, patients are either seated or put in the lateral recumbent position with their 6 

chins on their chests, their shoulders lowered, and variable flexion of their hips.  In contrast, the 7 

patients presented in this study were lying on their backs without further adjustments of their 8 

positioning.  Previous research has shown the influence of the positioning of the patient on the 9 

flexure of the spine and the degree of hip flexion14 and therefore on the width between two 10 

adjacent spinous processes.16-19 Therefore, our results must be interpreted with caution.  We 11 

postulate that the optimal points of insertion of the needle may be studied more accurately in 12 

optimally positioned subjects, ie in patients having their hips flexed.  13 

On the other hand, the increase in width between adjacent spinous processes when increasing the 14 

degree of hip flexion seems to be modest both in absolute and in relative numbers in the cited 15 

studies.  For example in the study by Fisher et al15, the relative increase in width in the lumbar 16 

interspaces was 1 mm or less in 60% (21 of 35 measurements) of the studied cases and 1 to 2 17 

mm in 31%.  The corresponding relative increases varied from 5 to 14% (≤1 mm) and from 12 18 

to 33% (1 to 2 mm).  In the study by Sandoval et al17 (comparing the sitting position with 19 

unsupported feet to sitting with supported feet), the absolute increase of the width between 2 20 

spinous processes was 1 mm or less in 9 of 16 cases; 1 to 2 mm in 4 of 16 cases; and more than 21 

2 mm in 3 cases (being 2.1, 2.4, and 3.6 mm, respectively). 22 

Furthermore, our study indicates that the shape of the entire space between 2 adjacent spinous 23 

processes probably determines the accessibility of the ES and not only the width between two 24 

arbitrarily chosen points.  In addition, from clinical experience, we know that some patient 25 
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populations have difficulty flexing their hips, for example, elderly patients and pregnant 1 

women.19 Moreover, some studies suggest that the degree of hip flexion has only limited impact 2 

on the difficulty to perform neuraxial anesthesia.21-22    3 

Our calculations were performed without taking the dimensions of the needle into account and 4 

under the assumption that the needle takes a straight course. From clinical experience and 5 

experimental data we, know that this is not always the case23. 6 

 7 

We assume that many anesthesiologists, if not the majority, still perform neuraxial blockade 8 

using the landmark-guided technique without additional aids. For these clinicians, an evidence-9 

based guideline tailored to a specific vertebral level may help improve the success rate. When 10 

translating our data into practical guidelines one will encounter some difficulties. First , it is not 11 

always possible to palpate the tips of the spinous processes, especially not in obese patients 12 

having a lot of subcutaneous fat tissue on their backs. This means the insertion site will be 13 

difficult to locate. Furthermore, it is difficult to accurately establish the exact level where the 14 

puncture is performed24, without the help of a reference point established, for example, by 15 

imaging. 16 

The next difficulty we envision is how to make an accurate estimation of the angle of the needle 17 

relative to the skin under which the needle should approach the ES. One might use a sterile 18 

protractor, as was done in the study by Helayel et al25.  19 

To maximize puncture success rates, we hypothesize that some form of imaging support is 20 

necessary.  21 

 22 

The ultrasound –guided technique  is increasingly used for neuraxial blockade.26  In this context, 23 

the study by Helayel et al25 is of interest.  They performed lumbar epidural anesthesia for 24 

various surgical interventions.  Before performing the puncture, they measured the distance from 25 
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the skin to the ES by ultrasound after optimizing the obtained image.  This site was marked and 1 

subsequently used as puncture site for the needle.  The angle of the transducer was measured 2 

using a protractor.  The epidural needle was inserted at an identical angle.  This method was 3 

apparently very effective, since only 1 skin puncture was needed in all subjects (n=60) and in 4 

45% of the cases, redirection of the needle was necessary.  Helayel et al25 found no correlation 5 

between the need to reposition the needle after insertion and the difference they found between 6 

the 2 angles (measured at the transducer and at the needle with a protractor).  This might suggest 7 

that the optimal obtained image by ultrasound resembles the optimal point of insertion as we 8 

defined in our study.  9 

 10 

Fluoroscopy has also been suggested to improve success rates of epidural puncture. In a recent 11 

study, it was shown that fluoroscopic guidance did increase the incidence of correct placement 12 

of a catheter in the thoracic epidural space compared with conventional loss of resistance 13 

technique.27 This increase was correlated with shorter post anesthesia care unit and hospital 14 

lengths of stay. It was not correlated with differences in 24-hour opioid consumption or numeric 15 

pain scores.  The study does not give information regarding the ease of performance of epidural 16 

puncture when using fluoroscopy. 17 

   18 

In summary, our research has resulted in a practical strategy as to how epidural or spinal 19 

anesthesia may be performed when using a midline approach.  At all levels of the vertebral 20 

column where neuraxial blockade is common practice, our calculations suggest (albeit with 21 

considerable inter-individual variation) an optimal point of insertion of the needle between the 22 

spinous processes and an optimal angle for directing the needle relative to the overlying skin.  23 

To the best of our knowledge, this is the first time that practical suggestions for performing a 24 

puncture for neuraxial blockade in the midline are substantiated by accurate and reproducible 25 



19 

 

measurements in patients.  We hypothesize that our data – when interpreted cautiously - may 1 

improve clinical performance for anesthesiologists using the landmark-guided method. To 2 

maximize success rates, clinical aids such as ultrasound or fluoroscopy will probably be 3 

required, although the benefits of these techniques have been contested.27 Further research is 4 

needed to establish if these proposed refinements in clinical practice result in higher success 5 

rates and if they can reduce the chance of complications and increase patient comfort. 6 

 7 
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Table 1. 

Computed tomography scans of 52 patients (32 females and 20 males) analyzed according to 

age. A summary of the ages and sex of the patients is shown. Sixty-seven percent of the 

studied population is 61 years or older. 

Age (years) Male (number) Female (number) Total (number) 

0-30 0 1 1 

31-40 1 4 5 

41-50 3 2 5 

51-60 4 2 6 

61-70 4 12 16 

71-80 6 7 13 

>80 4 2 6 

Total (number) 22 30 52 
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Table 2.  

Summarized numerical data of the analysis of computer tomography scans of 52 patients. 

 For each level of the vertebral column (interspace name, first column) the sample size 

(second column) and the optimal point of insertion of the needle (third column) with the 

corresponding 95% CI are shown.  In the fifth and seventh columns, for each level of the 

vertebral column, the optimal angle and the window size (in degrees, with the corresponding 

95% CI) are shown.  The optimal point of insertion of the needle is at most vertebral 

interspaces approximately halfway between the tips of the spinous processes.  At the thoracic 

levels Th6-Th7 through Th9-Th10 and at the lumbar levels L1-L2 through L4-L5, the optimal 

point of insertion is in general slightly inferior to the point halfway between the tips of the 

spinous processes. The mean optimal angle for insertion of the needle varies from 10 degrees 

at  interspace L2-L3 to 51 degrees at  interspace Th6-Th7. The window size varies from 5 

degrees at the thoracic levels Th5-Th6 and Th6-Th7 to 22 degrees at the thoracic level Th11-

Th12 and at the thoracolumbar junction Th12-L1.

 

interspace  sample 

name size [-]  mean  95%-CI  mean  95%-CI  mean  95%-CI  mean  95%-CI

Th1-Th2  20  0.59  (0.51, 0.66)  22  (18, 27)  9  (7, 11)  15  (13, 18)

Th2-Th3  27  0.53  (0.45, 0.61)  27  (24, 30)  8  (7, 9)  14  (12, 16)

Th3-Th4  31  0.52  (0.46, 0.59)  31  (27, 34)  7  (6, 8)  13  (11, 15)

Th4-Th5  30  0.59  (0.53, 0.65)  35  (32, 39)  7  (5, 8)  13  (11, 16)

Th5-Th6  27  0.48  (0.41, 0.55)  48  (43, 52)  5  (4, 7)  10  (8, 12)

Th6-Th7  28  0.34  (0.26, 0.42)  51  (47, 55)  5  (4, 7)  8  (6, 10)

Th7-Th8  31  0.36  (0.29, 0.43)  49  (46, 52)  7  (5, 8)  9  (7, 11)

Th8-Th9  35  0.45  (0.38, 0.52)  41  (37, 44)  8  (7, 10)  11  (9, 12)

Th9-Th10  35  0.45  (0.38, 0.51)  31  (28, 35)  10  (8, 11)  9  (8, 11)

Th10-Th11  42  0.53  (0.48, 0.58)  21  (17, 24)  14  (12, 15)  13  (12, 15)

Th11-Th12  46  0.53  (0.50, 0.57)  14  (12, 15)  22  (20, 25)  17  (15, 18)

Th12-L1  41  0.53  (0.48, 0.57)  12  (10, 14)  22  (19, 24)  16  (13, 18)

L1-L2  32  0.47  (0.42, 0.51)  13  (11, 15)  20  (16, 24)  13  (11, 16)

L2-L3  29  0.43  (0.38, 0.49)  10  (8, 13)  14  (10, 18)  10  (8, 12)

L3-L4  25  0.36  (0.31, 0.41)  11  (7, 14)  12  (9, 15)  8  (7, 10)

L4-L5  23  0.29  (0.24, 0.34)  13  (9, 17)  10  (7, 12)  8  (6, 10)

 location [-]   angle [deg]   window size [deg]   useful interspace height [mm]  
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Table 3. 

Summarized numerical data of the calculated success rates for all 530 analyzed interspaces 

(Th1-L5), for regions of the spine (eg Th3-Th6) and for individual levels of the spine (from 

Th1-Th2 to L4-L5) . For each specified level, the optimal combination of insertion point and 

insertion angle is indicated that will result in the highest success rate. This table may be 

viewed as a guideline how to perform neuraxial blockade at different levels of the spine. For 

example, when inserting a needle at lumbar level  L3-L4 at 0.36AB and at 9⁰, this will 

theoretically lead to a success rate of 32% in our sample. 

 

# level(s) sample size max. success

median interval median interval

[-] [-] [-] [%] [-] [-] [deg] [deg]

1 Th1-L5 530 24 0.47 - 21 -

2 Th3-Th6 93 19 0.54 [0.52,0.56] 39 [37,40]

3 Th7-Th9 71 31 0.28 [0.28,0.28] 49 [49,49]

4 L2-L5 82 35 0.40 [0.39,0.41] 7 [6,7]

5 Th1-Th2 20 40 0.35 [0.25,0.57] 29 [17,33]

6 Th2-Th3 28 36 0.40 [0.28,0.57] 34 [26,38]

7 Th3-Th4 31 32 0.39 - 33 -

8 Th4-Th5 31 26 0.67 [0.66,0.69] 31 [30,32]

9 Th5-Th6 31 23 0.36 - 52 -

10 Th6-Th7 33 24 0.30 [0.29,0.32] 46 [46,47]

11 Th7-Th8 34 29 0.22 - 53 -

12 Th8-Th9 37 43 0.28 [0.27,0.29] 49 [48,49]

13 Th9-Th10 38 42 0.47 [0.46,0.47] 33 [33,33]

14 Th10-Th11 45 53 0.54 [0.50,0.65] 21 [15,22]

15 Th11-Th12 46 76 0.56 - 14 -

16 Th12-L1 42 74 0.60 [0.59,0.61] 9 [8,10]

17 L1-L2 32 66 0.50 [0.48,0.52] 11 [10,13]

18 L2-L3 29 48 0.43 [0.40,0.53] 12 [2,15]

19 L3-L4 28 32 0.36 [0.30,0.48] 9 [2,21]

20 L4-L5 25 44 0.34 [0.33,0.34] 9 [8,11]

insertion point angle
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A 

 

B 

Figure 1. 

A CT scan of a patient showing a midsagittal cross section of the vertebral column (A). At all 

levels in the CT scan, the spinal interspaces and the upper and lower spinous processes are 

virtually completely depicted.  Therefore, all these levels are considered analyzable. For this 

purpose, the circumferences of all spinous processes are delineated with the help of a 

program written in MATLAB (B).  By capturing the circumferences of the spinous processes 

delineating the spinous interspaces, accurate and reproducible calculations were feasible to 

obtain the optimal point of insertion and the optimal angle relative to the skin of a virtual 

needle at each interspace.  
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Figure 2. 

Example of an interspace being analyzed for the optimal point of insertion (A).  A tangential 

reference line is calculated connecting the most dorsal points of the 2 adjacent spinous 

processes that formed a spinal interspace (B).  The tangential line is subsequently rotated 

together with the circumferences of the spinous processes, such that the tangential line runs 

parallel to the y axis.  The distance between the extreme points on the tangential line is 

normalized to 1 (arbitrary units) to facilitate comparisons between levels in 1 single patient 

and between patients (C). Subsequently, for each separate possible point of insertion on the 

line connecting point A and B, it is calculated whether the ES can be attained and if so  how 

large the insertion window size is.  An example is shown in D.  Here, for a possible point of 

insertion p of a virtual needle, the corresponding insertion window - represented by θ - is 

depicted. For each analyzable interspace of each patient, the insertion point (running variable 

on the x axis) is plotted against the insertion window (y axis).  
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Figure 3. 

Example of an analyzable thoracic interspace Th11-Th12 of an arbitrarily chosen patient (A).  

The range of the calculated points of insertion of a virtual needle is indicated on the y axis 

(from 0 to 1 in arbitrary units).  An example of an optimal point of insertion is depicted by 

the open red circle (A, corresponding with the open red circle in the diagram on the right, B).  

The insertion window (θ degrees) is indicated by the shaded area.  The optimal angle to 

approach the ES is in the center of the shaded area, represented by the black line (A). The 

corresponding angle α is the angle between this line and a line perpendicular to the line 

connecting A and B (dotted line). The corresponding plot of the point of insertion (running 

variable on the x axis) against the insertion window (y axis) is shown in the diagram on the 

right (B).  
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Figure 4.  

A, The vertebral interspace (x axis) is plotted against the normalized optimal point of 

insertion (y axis). Each dot represents the optimal point of insertion at the indicated 

interspace of 1 single patient.  The box indicates the 95% CI at each interspace level.  The 

sample size at each interspace is indicated in parentheses.  In the midthoracic and the low 

thoracic region (ie, Th5-Th6 through Th9-Th10), as well as in the lumbar region (ie, L1-L2 

through L4-L5), the optimal point of insertion is generally slightly inferior to the center of the 

interspace.  For most of the other levels of the vertebral column, the optimal point of insertion 

is in general close to the center of the spinous interspace.  The variation between individuals 

of these optimal points of insertion is large. 

 

B, The vertebral interspace (x axis) is plotted against the insertion angle in degrees (y axis). 

Each dot represents the optimal angle of insertion at the indicated interspace of one single 

patient. The box indicates the 95% CI at each interspace level.  The sample size at each 

interspace is indicated in parentheses (x axis). The mean optimal angle varies from 10degrees 

at the lumbar interspace L2-L3 to 51degrees at the thoracic interspace Th6-Th7.  

 

C, The vertebral interspace (x axis) is plotted against the insertion window size in degrees (y 

axis).  Each dot represents the window size corresponding with the optimal point of insertion 

at the indicated level of the vertebral column, in each individual patient.  The box indicates 

the 95% CI at each interspace level.  The sample size at each interspace is indicated in 

parentheses. The mean window size varies from 5degrees at Th5-Th6 and Th6-Th7 to 

22degrees at Th11-Th12 and Th12-L1.  
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Figure 5. 

The accumulated data of all 32 analyzed interspaces L1-L2 are shown. The insertion angle is 

indicated on the x axis (in degrees) and the insertion point is indicated on the y axis (arbitrary 

units). One single point in the diagram shows a combination of a chosen insertion point and 

angle. For each combination, it is calculated if it will result in success, ie if the ES is reached 

without bone contact. By adding all successful attempts and dividing this number by the total 

number of attempts, a success percentage is calculated for this specific combination of 

insertion point and angle. The entire diagram shows the result for  all possible combinations 

of insertion angles (ranging from -40 to 80 degrees) and insertion points (ranging from point 

A to B, i.e. from 0 to 1 (arbitrary units), compare Fig. 2). The final result may be compared 

with an altitude map. The maximal “altitude” (success rate) in this diagram is 66% (21 of 32) 

when combining an insertion angle of 11degrees (indicated by the arrowhead on the x axis) 

with a insertion point of 0.5AB (indicated by the arrowhead on the y axis). This maximal 
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success rate is indicated in white in the diagram. This white area represents a small set of 

combinations of insertion angles and insertion points with minimal differences in the 

resulting success rate. The median value of  the success rates of these combinations in the 

white area is indicated by the plus sign (+).  
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Explanation of the diagrams in the Supplemental Digital Content, showing the puncture 

success rates per region. 

 

The first diagram shows all the combinations of insertion angles (x-axis) and insertion points 

(y-axis) of a single patient on a single vertebral level, i.e. Th11-Th12. So any combination of 

insertion point and angle within the yellow area (indicating 100% success, see color scale) 

will result in access to the ES. 

The next diagram shows the accumulated data of all analyzed interspaces (530 interspaces in 

total). The insertion angle is indicated on the x-axis (in degrees) and the insertion point is 

indicated on the y-axis (arbitrary units). One single point in the diagram shows a combination 

of a chosen insertion point and angle. For each interspace, it is calculated if this specific 

combination of insertion point and angle will result in success, i.e. if the ES is reached 

without bone contact. By adding all successful attempts and dividing this number by the total 

number of attempts, a success percentage is calculated for this specific combination of 

insertion point and angle. The entire diagram shows the result for  all possible combinations 

of insertion angles (ranging from -40⁰ to 80⁰) and insertion points (ranging from  0 to 1, i.e. 

from point A to B, compare Figure 2). The final result may be compared with an altitude 

map. The maximal “altitude” (read: success rate) in this diagram is 24% when combining an 

insertion angle of 21⁰ (indicated by the arrowhead on the x-axis) with an insertion point of 

0.47AB (indicated by the arrowhead on the y-axis). This maximal success rate is indicated in 

white in the diagram. This white area represents a small set of combinations of insertion 

angles and insertion points with minimal differences. The median value of these 

combinations in the white area is indicated by the plus sign (+).  

Similar diagrams are shown for other regions as indicated above these diagrams. 
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Note that at the levels Th1-Th2, Th2-Th3, Th10-Th11, L2-L3 and L3-L4 several 

combinations of insertion points and insertion angles result in multiple small regions with the 

same maximal success rate. In the diagrams, the median of these white areas representing 

similar success rates are indicated by a plus sign (+). In Table 3, the optimal insertion points 

and insertion angles at these specific levels are given numerically as this median. 




